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Abstract
The research question is: Have the Mohawk people been affected by the obesity epidemic that
has occurred in this country and globally?
My research compares the data on height, weight, and skinfold thicknesses collected from 1979
by Dr. Susan Pfeiffer from Native American youth (10 to 15 years of age) of the Akwesasne
tribe, located at St. Regis, with similar data collected by Gallo and Schell, from 1996-2000.
I performed t-tests to compare the same measurements from the two studies. There is a
significant difference in weight, triceps skinfolds, and subscapular skinfolds in all male age
groups except for age 13. There is significant difference in height in the 12 year old group. In
females, there are almost no significant differences, however, the number of females available
for comparison is very small.
From these results I have concluded that there is a difference in adipose tissue amounts between
the two populations, but only in males. A discussion on why it has affected males more
dramatically will be discussed in the paper.
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INTRODUCTION
It is well known that there is an obesity epidemic in the United States (Ogden et al., 2004).
Included in this population is the sub population of Native Americans, who collectively have a
higher obesity rate than the non-Native American population (Schell and Gallo, 2012). Factors
which effect the non-Native American population in becoming obese have the same effect on
Native Americans, however, these factors may have a stronger effect on this population. Factors
which effect health and body mass, such as diet, socioeconomic status, and endocrine function
seem to be more pronounced in the Native American population. The cause may be a genetic
predisposition to obesity, a gene called the ‘thrifty’ gene, which Native Americans and some
African Americans have that cause them to retain fat (Fee, 2006), or exposure to Endocrine
Disrupting Chemicals (EDC) (Gallo et al, 2016.) such as Polychlorinated Biphenyls (PCBs).
A specific population of Native Americans is an Iroquois tribe, the Akwesasne Mohawk Nation,
who live on the St. Lawrence River adjoining New York, Quebec, and Ontario. It is here that a
high concentration of PCBs are found. The use of PBCs in manufacturing was banned in the
United States, but they still linger in our environment, and pose a threat to the metabolic
functions of many species, including humans (Schell, 2012).
PCBs made items less flammable and increased their storage life. GM and Alcoa manufactured
their products in a factory located on the St. Lawrence River and used PCBs in their products.
They disposed of the waste products of manufacturing into the river, polluting it, the surrounding
soil, and the organisms who lived in its vicinity. The use of PCBs in commercial manufacturing
was banned in 1979 (NOAA, 2009), however, PCBs do not break down in the environment
quickly, and therefore are still in the environment in large amounts. PCBs are a lipid soluble
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compound and are stored in the fat of organisms (Schell, 2012). The fish and surrounding
animals ingested the PCBs, and then the Native Americans on the St. Lawrence River, who had
been a society heavily relying on fishing, ingested those animals. The Native Americans who
live on the St. Lawrence River already have a larger exposure than the average American to
PCBs, and also have more adipose tissue to store these toxic chemicals.
Mentioned earlier, PCBs can have an effect on the endocrine system. The EDCs have a negative
effect on the thyroid gland, which effects metabolism (L.M. Schell, 2008). If the metabolism of
an individual is slowed, the individual will gain weight.
In addition to the biological effect that PCBs play, they have also had an immense effect on the
lifestyles of these Native Americans. Traditionally, Native Americans, including the Iroquois,
were a farming and hunting based society. Farming and hunting provided not only for nutrition,
but also was at the core of the societies’ culture (Tooker, 1978). Young men learning to hunt and
their fathers teaching them was an essential part of the culture being passed on (Kuipers, 1995).
Holidays and religious ceremonies were based around the traditional foods. The three core foods
were corn, rice, and beans (Tooker, 1978). However, when the United States declared PCB
exposure and consumption unsafe (CDC, 2015), many Iroquois made the difficult decision to
stop hunting, fishing, and farming. These activities drew directly from the contaminated water
and soil, and caused a huge concern for the health of the people. The only solution was to stop
these activities, but without them, exercise in the form of manual farm labor, hunting, trapping,
gathering plants for medical use, and other traditional activity came to a halt (Gallo et al., 2005).
Additionally, many of the people lost much of their economic outlets. People living on
reservations are among some of the poorest in the country, and poverty is common among the
Native Americans. Being able to buy healthy, low calorie, low fat food is expensive, and many
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Native Americans just do not have the financial means to do this. The lack of funds to buy
quality food all too often results in people buying cheap, high calorie and high fat foods. With no
other option available, as their land was infected by an external source, Native Americans turn to
this diet. Additionally, as mentioned earlier, there is a gene which many Native Americans have
which may cause them to retain fat. Though the thrifty gene theory has not yet been proven,
evidence suggests that this gene does select for weight retention (Fee, 2006). Now, this gene is a
burden, and is the likely cause for the genetic predisposition to develop obesity, and in many
cases, type II diabetes.
As time moves forward, and the environmental situation remains stagnant, it is likely that the
health of these Native American people continues to decline, and their overall body masses
continues to increase.
The intention of this study is to investigate the possible increases in body mass, and specifically
test to see if the fat content has increased. It is possible that muscle mass or height could be the
cause for the increase, or there may be no significant difference present at all, indicating a steady
growth rate and cessation of successive populations. This study consists of comparisons of
anthropometric measurements of Akwesasne children aged 10 to 14 measured in August of 1979
to Akwesasne children in 1998, also aged 10 to 14. This paper investigates how the change in
lifestyle and environmental toxins have affected the Akwesasne Tribe, possibly leading to the
increase in overall body mass, and specifically to adipose tissue increases. Currently, there are no
studies completed which specifically compare the difference in subcutaneous measurements, and
there is an opportunity to compare fatness levels between successive populations.
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MATERIALS AND METHODS
The Akwesasne community resides on the intersection of Quebec, New York, and, Ontario. The
population consists of about 12,000 to 13,000 people (Gallo et al., 2005). However, there has not
been a reliable census to determine the actual population size. Before 1979, companies such as
General Motors and Alcoa were allowed to use Polychlorinated Biphenyls (PCBs) in their
products (NOAA, 2009), and disposed of the PCBs in the river. Since the discovery of the PCBs
toxicity, the Akwesasne way of life has changed dramatically. The community used to rely
heavily on farming, however, the pollution of the St. Lawrence River made it too dangerous to
human health to continue this way of life (Gallo et al., 2005). The traditional diet, which
included fish, rice, corn, and beans, was given up by many. The only affordable alternative
became to buy foods from stores, which generally include foods high in fat and carbohydrates,
and low in nutrition and protein (Gallo et al., 2005)
The sample consists of Akwesasne children on the St. Regis Reservation aged 10 to 14,
measured in August of 1979, and Akwesasne children measured between 1996 and 2000, also
aged 10 to 14. The compared measurements are height, weight, subscapular skinfold thickness,
and triceps skinfold thickness. The skinfold measurements are the indicators of subcutaneous
adipose tissue. The data were collected for this study by Dr. Susan Pfeiffer in 1979, and Drs. Mia
Gallo and Lawrence Schell between 1996 and 2000 on the Akwesasne reservation.
Ten anthropometric measurements were used in 1979 (Pfeiffer 1980) but only four of them will
be used in this study. The techniques and instruments used to measure are not mentioned in the
paper, but are assumed to be standard anthropometric measuring techniques and instruments.
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The anthropometric measuring tools used in 1996-2000 include a wall-mounted stadiometer
(manufactured by Harpenden), which measured standing height to the nearest millimeter. All
hair ornaments, including buns and braids, were removed (Gallo et al., 2005). A physician’s
beam balance scale was used to measure weight to the nearest 0.5 pounds. Two anthropometrists
performed each measurement. Each adolescent was measured around the same hour period,
having a 3 hour interval time when the measurements were completed.
One caveat to these measurements is that the population measured by Dr. Pfeiffer was located on
the Canadian side of the reservation, while the measurements done by Dr. Gallo and Dr. Schell
were completed on the American side of the reservation. Belonging to the same tribe, the
lifestyles of the children are not incredibly different. The children on the reservation have the
option to go to one of four schools on the Canadian side, and one of two schools on the United
States side (Jackson, 2015). The natives are free to cross the border to visit friends and family.
Natives living on either side have the same level of income relative to their countries currency
value. Therefore, the Natives on either side have a very similar socioeconomic status.
Additionally, the pollution created issues on both sides of the reservation. A comparison between
means, standard deviations, and number of participants will be used between samples to
compare. The samples are age stratified.
The research done in 1979 and in 1996-2000 was cross-sectional. Age groups measured in 1979
were constricted based on age of last birthday. The nonparametric Sign Test as used to test for
statistically significant differences (Siegel 1960).The statistical program SPSS was used to create
the t tests for the comparison of means between 1979 and 1996-2000. The F test was used to
check if the variances were equal. If the value was below 0.05, the variances were assumed to be
unequal. The t tests were two tailed tests.
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OBSERVATIONS AND RESULTS
Males
Figure 1:Males Ages 9-14, Avg. Height, cm

Figure 2: Males Ages 9-14, Avg. Weight, kg

Figure 3: Males Age 9-14, Avg. Triceps skinfold, mm

Figure 4: Males Age 9-14, Avg. Subscapular skinfold, mm

Sex 0= male
Project 1=1979
Project 2= 1996-2000
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Females
Figure 5: Females Age 9-14, Avg. Height, cm

Figure 6: Females Age 9-14, Avg. Weight, kg

Figure 7: Females Age 9-14, Avg. Triceps skinfold, mm

Figure 8: Females Age 9-14, Avg. Subscapular skinfold, mm

Sex 1= female
Project 1=1979
Project 2= 1996-2000

There are significant differences (alpha <0.05) between males of all ages in their weight and
subscapular skinfold thickness (see Table 1). The males in the 1996-2000 group have higher
weights and larger skinfolds than the males of the 1979 group. Males measured in 1996-2000
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have significantly higher measurements than the youth measured in 1979, in all age groups
except for age group 13 year olds in triceps skinfold thicknesses. There is only one significant
difference in height for males, which is in age group 12.0-12.999, where the youth measured in
1996-2000 have a mean difference of 8.393 cm. The 11 year old males measured in 1996-2000
almost have a significant difference compared to the youth measured in 1979 in height, with a p
value of 0.062. These results are very consistent. The 1996-2000 group is consistently heavier
and has more subscapular tissue.
The results for the female subjects are very consistent (refer to Table 2). Only the triceps
skinfold of 11 year old girls is significantly different between the two samples and it favors the
1996-2000 sample. The 11 year old females have a nearly significant score in the subscapular
measurement, with a p value of 0.069. Although there is only one significant difference, the
absolute differences between the females are not small. The skinfold differences are almost
always larger in the latter group, and by large amounts. For example, the 11 year old group has a
difference of 7.883 mm. The small sample sizes limit the ability to determine if these
measurements could be statistically significant.
In males, significant levels of subscapular tissue suggest that there has been an increase in the
amount of adipose tissue in all age groups. There is no change in height among all age groups
among both males and females. Males have an overwhelmingly large number of significant
differences, whereas females appear have changed less significantly or more slowly. There is no
pattern found among age groups among males or females. The graphs displayed on the last two
pages are representative of the data collected in 1979 and 1999.
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DISCUSSION
Studies on the growth and development of Native American children, particularly those who
reside in locations near contaminated water and soil, began to take place because of distress of
these harmful chemicals on human health. In addition to the chemical biohazards created by
these chemicals, socioeconomic and cultural status of many Native American families are
negatively affected. Unhealthy weight gain may be an undesired result of these changes.
Results in earlier studies show that Native Americans, on average, have significantly larger rates
of heart disease and prevalence of stroke than the United States Caucasian, African American,
and Asian or Pacific Islander (Schell et al., 2016). The risk of heart disease and stroke are both
elevated by obesity (AHA, 2014).
Earlier research has found that the heights of Akwesasne Mohawk youth are not significantly
different from the non-institutionalized U.S. population (Gallo et al., 2005), which means that the
Mohawk children are not just larger human beings. They just carry a significantly larger amount
of weight on the same stature.
The most significant changes are seen in the males of all ages in the weight and subscapular
categories. There are several options which can explain this weight gain. The increase of weight
may be from adipose tissue, muscle mass, or delayed time to reach puberty. Because there was
no test to specifically test for muscle mass, this cannot be ruled out. However, the significant
increase in subscapular tissue does show that there has been an increase in subscapular adipose
tissue. Additionally, four out of the five male age groups have had an increase in their triceps
skinfold thickness. This is another positive indication that, over time, there has been an increased
amount of adipose tissue accumulated between successive populations.
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The change in diet from traditional to store bought foods may be responsible for the weights and
fatness levels of Akwesasne youth measured in 1996-2000, and specifically, in their subscapular
and triceps regions. Another possible cause of this increase in fatness is a potential change in
hormone levels in males. PCBs are known to be endocrine disrupting chemicals (EDCs), which
can have a major impact on human growth and development. In addition to the children eating
more low nutrition foods, these chemicals could be playing a role in the weight gain. The
children measured ranged from ages of 10 to 14, which is a critical time for boys and girls to
begin going through puberty.
From the time when puberty begins and ends, many children, males especially, begin to grow in
height, but lag in weight. This has a ‘stretching effect’, where the children seem to stretch out- as
their body gets longer, their weight becomes more dispersed. Before puberty occurs, some
children have already gained much of the adipose tissue that they will maintain throughout
puberty. It is possible that the EDCs have affected the children measured between 1996 and 2000
more strongly than the children measured in 1979. EDCs are known to delay, or speed up,
growth properties such as the onset of puberty. If this is true, it may be possible that these
children will just ‘stretch out’, and regain a healthy weight to height ratio. Tests measuring the
specific levels of each population would be required in order to test this theory.
The females measured only have one significant value, the triceps skinfold thickness in the 11
year age group. The sample size is extremely small, which may be leading to this one
significantly different result. The females measured in 1996-2000 have very similar heights, and
none of their weights are significantly different than the population measured in 1979. This
similarity makes it seem less probable that EDCs have played a major role in growth and
development here. However, it must be pointed out that the differences in weights between the
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two female groups are not small, and the small sample size may be causing these results to not be
significant. Still, it is true that the hormones circulating in males and females differ dramatically,
so the effects of EDCs likely effect males and females quite differently. Females also go through
puberty earlier. It is possible that females from both 1979 and 1996-2000 have both gone through
puberty earlier than males, and have consequentially began the ‘stretching’ process earlier,
leading to less significant results.
There may be a social aspect to this weight gain as well. In U.S. society, there is a strong
pressure on women to be thin, and a negative connotation to those who are overweight or obese.
There is a similar beauty standard in the Native American female population. Surveys regarding
eating and weight control behaviors indicate that Native American females are less content with
their bodies and tend to display more disturbed eating habits than most other ethnic groups,
including white, black and Asian groups (Lynch et al. 2004). There is still a pressure on men to
be physically fit, but it is much less pronounced. Being an overweight male as opposed to an
overweight female does not have as much of a social, physical, and psychological effect. A
strong social influence on females to keep weight off may begin at an early age, whereas males
may not feel this same effect, leading to a consistent increase in adipose fat in males, and a
consistent stagnant weight in females. To test this theory, a study would have to be conducted
comparing the sociological pressures felt by young females and males.
There is a slight increase across the board for height, but not enough to be significant. It is
possible that the increase in caloric value has had a positive effect on the growth of these
children, enabling them to grow just a bit taller. However, the Native Americans in 1979 already
had an abundance of calories, allowing them to reach their genetic potential. Therefore, it is
unlikely that the excess caloric amount has led to this increase in height.
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There are several weaknesses to this study. A major weakness is the small sample size. It is
difficult to apply these findings to an entire population when such a small percentage was
measured. There are consistently larger numbers of children measured in the latter population,
which many times are more than double the sample sizes measured in 1998. Females in general
have a smaller population. The two populations were also measured from differing sides of St.
Regis, the earlier population was located on the Canadian side, whereas the latter population was
measured on the U.S. side. This is a weakness because of the potential differences in lifestyle
habits, financial status, and diet, although these differences have not been observed.

CONCLUSION
In summary, there is a slight but definite increase in adipose tissue in Akwesasne children,
primarily males. The increased weight without increased height means that the general youth
male population have an excess amount of tissue, most of which is likely adipose tissue. This is
an important finding because excess adipose tissue in childhood is a good indicator for obesity in
adulthood. Obesity is a huge risk factor for developing many health problems, including
increased risk for type II diabetes, myocardial infarction, high blood pressure, and associated
mental health issues, such as depression and low self-esteem. Recognizing the causes of excess
childhood weight gain is the first step in preventing it from occurring in future populations, and
to helping the current children to regain a normal, healthy weight.
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Table 2
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